Liquid water is considered to be critical for life. Gibbs free energy is another factor that is important to sustain life for long durations. Gibbs free energy is obtained by reactions between reductants and oxidants, or from any other non-equilibrium state of matter. A s a n e x a m p l e , a e r o b i c o r g a n i s m s u s e carbohydrates and oxygen to obtain energy. Many types of chemoautotrophic mechanisms are known for this process as well. On the sur f a c e of M a r s , m e t h a n e a n d oxi d a t ive compounds such as ferric oxide, sulfate and perchloride, which could provide redox-derived Gibbs free energy, have been detected. Irondependent methane oxidizing bacteria have been found in marine environments on Earth. This finding suggests the possible presence of methane -oxidizing bacteria on the Mars sur face, if the local thermal environment and other resources permit proliferation and metabolism of bacteria. Our project aims to search for methaneoxidizing microb e s on the M ars sur face . Martian soil will be sampled from a depth of about 5 -10 cm below the surface, where organisms are expected to be protected from the harsh hyper-oxidative environment of the Mars surface. Small particles less than 0.1 mm or 1 mm will be sieved from the sample, before being transferred to the analysis section by a micro-actuator. The particles will be stained with a cocktail of fluorescent reagents, and A combination of fluorescent dyes has been selected to identify life forms in samples. A membrane-specific dye or a combination of dyes will be used to detect membranes surr oun din g t h e "c e ll". A n inte r c a l a t in g fluorescent dye such as SYBR Green will be used to detect genetic compounds such as DNA. A substrate dye that emits fluorescence upon cleavage by a catalytic reaction will be used to detect the catalytic activity of the "cell". A combination of staining reagents has been chosen based on the definition of
Introduction
Among the planets and giant satellites in our solar system, the characteristics of Mars, such as the size, mass, gravity, surface temperature, and the existence of an atmosphere are most similar to those of Earth. This may suggest that it may be possible for life similar to terrestrial life to arise and to survive on Mars.
The Viking missions conducted by NASA in 1976 were some of the early landing missions to Mars. The Gas Exchange (GEX) Experiments measured the production and wetted with nutrient media; in these experiments the liberation of O 2 gas was observed (Oyama and Berdahl, 1977) . The Labeled Release (LR) Experiment demonstrated immediate evolution of radioactive gas after adding 14 C-labeled carbohydrates to the Martian regolith (Levin and Straat, 1977) . The Gas Chromatography / Mass Spectrometer (GCMS) Experiment showed the absence of detectable organic compounds above a few parts per billion in the upper 10 cm of surface soil (Biemann et al., 1977) . The combined results of these experiments were interpreted to indicate the presence of oxidants that decomposed the organic compounds added in GEX and LR, and no organisms were present within the detection limits of the experiments (Klein, 1977) .
However, the presence of life on Mars has become a focus of discussion again since the report of possible chemical fossils in the ALH84001 meteorite that originated from Mars (McKay et al., 1996) . The results of the Viking experiments have been reexamined. The Viking to search for living cells and the sensitivity was one part per billion. Biomolecules such as amino acids could not be detected if living cells were present at levels less than 10 7 cells per gram (Glavin et al., 2001) . Non-volatile organic compounds, such as benzenecarboxylate, which have been formed on the surface of Mars via oxidation of organic material that arrived on Mars in meteorites, could not be easily detected by the Viking GCMS instruments (Benner et al., 2000) . Thus some organic compounds may be present on Mars, although compounds near the et al., 2007; Kminek and Bada, 2006) .
The evidence of past water activity and the existence of methane in the Martian atmosphere also provided motivation for such discussions. The Mars Global Surveyor (MGS) Mars Orbiter Camera (MOC) acquired and showed large outflow channels as evidence for past, but quite recent, liquid water (Malin and Carr, 1999; Malin and Edgett, 2003; Masson et al., 2001) . The Mars Odyssey Neutron Spectrometer showed that poleward of 2 O ice existing beneath tens of centimeters of soil (Feldman et al., 2002) . Hydrated sulfate and phyllosilicates that provide evidence of the past presence of liquid water have been observed by the OMEGA imaging spectrometer on board the Mars Express spacecraft (Gendrin et al., 2005; Poulet et al., 2005) . The Mars Exploration Rover Opportunity also found sedimentary rocks formed by past aqueous processes on Mars (Squyres et al., 2004; Squyres and Knoll, 2005) . The Phoenix mission found a shallow H 2 O ice table in the center and edge of a nearby polygon at depths of 5 to 18 centimeters by excavating with the Robotic Arm and associated Icy Soil Acquisition et al., 2009) . These findings suggested that there was water activity on (or beneath) the surface and suitable conditions for life in the past, although there has been no direct observation of liquid water at present.
O n t h e o t h e r h a n d , T h e P l a n e t a r y F o u r i e r Spectrometer onboard the Mars Express spacecraft detected methane at a concentration of approximately 10 ppbv in global abundance (Formisano et al., 2004; Geminale et al., 2008) . Similar abundance was observed by the Fourier Transform Spectrometer at the CanadaFrance-Hawaii Telescope (Krasnopolsky et al., 2004) . Methane was released in large plumes and peak amounts were observed during Martian summer with highdispersion infrared spectrometers (Mumma et al., 2009) . Methane is produced by both biotic and abiotic processes on Earth, so the origin of Martian methane is the subject of considerable discussion (Krasnopolsky, 2006; Atreya et al., 2007; Lefevre and Forget, 2009; Shkrob et al., 2010) . Isotopic measurement of methane is planned on the Mars Science Laboratory mission (MSL) (Atreya et al., 2007) and the source may be revealed by the Mars Trace Gas Mission, which will spatially map important trace gases including methane using an orbiter (Smith, et al., 2009) . The MSL will analyze not only the atmospheric composition, but also solids near the surface with a GCMS (gas chromatograph and quadrupole mass spectrometer) and a tunable laser spectrometer to measure organic compounds and isotope compositions, respectively (Mahaffy, 2008) . The European Space Agency's ExoMars mission is planning life detection experiments on Mars with a Life Marker Chip, which detects biomolecules based on antibody microarray technology using subsurface samples taken by drilling or excavating (Parnell et al., 2007) .
Here we propose a new life detection project on Mars microscopy combined with amino acid analysis and mass spectrometry. We propose to search for "cells" from a depth of about 5 -10 cm below the surface, which is feasible with current technology. Microscopic observation can be done using low mass equipment with low electric power consumption, and has the potential to detect single "cells". The subsequent analysis of amino acids will "cell".
What is Needed for Life
What is needed for life? "Liquid water" is the simplest and most universal answer. That the lack of water causes death to both animals and plants emphasizes the importance of liquid water for life. Water is needed to solvate metabolites and other molecules for reactions carried out in cells. Water molecules also participate in many biological reactions such as hydrolysis, and it is the source of the reactive ions H + and OH -for biological reactions in cells. Although the requirement for liquid water inside the cell is clear, the requirement for liquid water outside of cells is not obvious. Many microorganisms can survive in a vacuum for many years. Not only spore forms but also vegetative cells can be stored alive in a vacuum (Miyamoto-Shinohara et al., 2000) .
Another requirement to sustain life is Gibbs free energy. In general, we often refer to it simply as "energy". Animals depend on food to sustain life. Oxygen is also needed to sustain animal life. These are the two substrates needed to obtain Gibbs free energy for animals. Free energy can be also obtained via other metabolic pathways, such as photosynthesis in plants and some microorganisms, and chemosynthesis in some microorganisms. In the photosynthetic reaction, photon energy is absorbed by photosynthetic pigments, which are transferred and transformed into the chemical form of energy, ATP (Adenosine TriPhosphate). ATP is a chemical compound commonly used to carry and transport free energy in cells. Chemosynthesis is another metabolic pathway for life to obtain free energy. Chemosynthetic organisms can be found in geological environments such as terrestrial hot springs and deep-sea hydrothermal systems. In these environments, reducing compounds (or reductants), such as H 2 , H 2 S, and CH 4 , are released from underground, where they are produced by geological reactions. In combination with oxidative molecules such as oxygen, sulfuric or nitric ions, or CO 2 , these reducing compounds can be substrates to produce free energy in chemoautotrophic microorganisms.
Combining these factors, anywhere in the Martian water molecules, reducing compounds such as H 2 , H 2 S and CH 4 , and oxidative compounds such as ferric oxide, sulfate and perchlorate, could be an environment where life can be sustained for long periods of time, if other radiations permit.
Methane Oxidizing Bacteria on Earth
The methane that was found on Mars may be a reducing compound for sustaining life on Mars. Methane is produced both by biological and non-biological processes on Earth. Biogenic methane is mostly produced by methanogenic Archaea that are widespread in almost every anoxic environment. On the other hand, there are many methane accumulations in marine sediments and subterranean environments, and such methane is released into the aerobic water column or the atmosphere on occasion.
Methane can be used as a primary energy source by a number of Bacteria and Archaea. Most known methaneoxidizing bacteria are aerobic; however, some evidence, mostly indirect, points to the existence of anaerobic methanotrophs (Panganiban et al., 1979) .
Some Archaea, which are phylogenetically related to the known methanogenic Archaea, are recognized as microorganisms involved in the process of anaerobic oxidation of methane (AOM). AOM is mediated by microbial consortia of methanogenic Euryarchaeota (ANME) and sulfate-reducing bacteria (SRB) in a proposed syntrophic association (Hoehler and Alperin, 1996; Boetius et al., 2000) . ANME is hypothesized to oxidize methane, passing reducing equivalents via an unknown intermediate to the SRB, which use these to reduce sulfate. The net chemical reaction is given in Equation (1):
The energy gain of this reaction, calculated for standard conditions and room temperature, is close to the minimum that is needed to support microbial life. A variety of evidence has suggested that ANME themselves might be capable of sulfate reduction (Orphan et al., 2001 , 2002 : Lösekann et al., 2007 . R e c e n t l y, A O M p e r f o r m e d b y a n o t h e r t y p e o f consortium was found. These microorganisms couple nitrogen: Raghoebarsing et al., 2006) . Such microbial consortia were found in anaerobic freshwater habitats.
More recently, a microbial consortium that is capable of using manganese (birnessite) and iron (ferrihydrite) to oxidize methane has been predicted in marine methaneseep sediments in the Eel River Basin in California (Beal et al., 2009) . Although microorganisms involved in AOM have not yet been isolated, some type of ANMEs and bacteria that could mediate metal-reduction were detected in the consortium. Thus, there are several mechanisms of methane oxidation carried out by Bacteria and Archaea on Earth, and possibly on Mars.
Survivability of Life in the Mars Environment
Physical and chemical limits for terrestrial life have been major foci in astrobiology (Rothschild and Mancinelli, 2001; Marion et al., 2003) , and are summarized in Table 1 . Microgravity may affect structural organization and functional harmonization of biological systems of higher organisms such as animals and plants (e.g., Rothschild and Mancinelli, 2001; Jönsson et al., 2008) . In contrast, microorganisms are less affected by near-zero gravity. There is no evidence indicating that the low surface gravity of Mars (0.376 G) would limit the existence and survival of terrestrial life. Takai et al., 2008) , partially overlaps the temperature range storage and survival of seeds, spores, biological samples, etc. temperatures.
Although the terrestrial bacterium Shewanella oneidensis tolerates pressures as high as 1.6 gigapascal or GPa (Sharma et al., 2002) , the effect of low pressures found such as near-vacuum condition possible life on the Mars surface against microbes has not been examined. As microorganisms are often lyophilized in a vacuum Martian atmospheric pressure may reduce biological activity but is unlikely to limit the survivability of terrestrialtype life.
Terrestrial life forms are found over the entire salinity range from freshwater to salt-saturated waters. Some halophilic (salt-loving) microorganisms such as Halomonas species maintain activity over the entire range of salinity (e.g., Naganuma et al., 1993; Okamoto et al., 2004) . It is likely that massive evaporation of liquid water occurred on Mars in the past, leaving massive evaporites that are salt-saturated. If NaCl is the major salt, many terrestrial halophilic microorganisms would be capable of survival. If Martian sea salts consist mainly of Li + , K + , Ca 2+ , and SO 4 2-, their possible influence on terrestrial-type life is not well defined. Assoiciated with high salinity, the extreme dryness of the Mars surface is likely to limit biological activities, but not survivability, as evidenced by long-term storage of lyophilized (freezedried) microorganisms.
Radiation is likely the most seriously limiting factor for activity and survivability of terrestrial-type life; however, removal of water would increase tolerance and survivability. This hypothesis is based on the dried states of water bears, i.e., tardigrades (Horikawa et al., 2006; Jönsson et al., 2008) and chiromid larvae (Watanabe et al., 2006 (Watanabe et al., , 2007 as well as microorganisms (Mashino et al., 2010) . The extremely high radiation-tolerance of Deinococcus radiodurans has been well studied and ascribed to a by-product of adaptation to extreme desiccation (Battista, 1997) .
to be 20 W m -2 radiation contributes about 10% of the Martian "solar constant" of ca. 600 W m -2 , calculated from the Earth's solar constant of 1366 W m -2 and the Sun-Mars distance solar radiation by 2/3 (1/3 reaching the Martian surface). The Earth's atmosphere cuts radiation to ca. 1/500, from a comparison of surface and space station altitudes (Yasuda et al., 2000; Takashi and Ohinishi, 2004) ; and the Martian atmosphere, i.e., 6/1000 of the Earth's, would cut radiation to ca. 1/3 (from 1/500 ÷ 6/1000), which is a rough estimate of the Martian atmospheric shield performance. If the same shield performance holds for other ionizing radiations, ca. 1.2 mGy day -1 as determined during the 2001 Mars Odyssey mission, a dose of 0.4 mGy day -1 is estimated for the Mars surface. The Phoenix Mars Lander performed wet chemical analyses of the surface soil, and determined the soil pH to be 7.7±0.5 (Boyton et al., 2009; Hecht et al., 2009) . For reference, the lowest (acidic) pH limit for terrestrial life archaea Picrophilus oshimae and P. torridus (Schleper et al., 1995a (Schleper et al., , 1995b , while the highest (alkaline) pH (12.5) is known for the bacterium Alkaliphilus transvaalensis (Takai et al., 2001) .
The redox potential (E h ) of the Martian soil has not been reported so far, but occurrences of sulfate and et al., 1999; Coates and Achenbach, 2004) .
Results of the Viking biological experiments were interpreted to indicate the presence of highly oxidizing H 2 O 2 , which could be generated by photochemical reactions and/or dust storms (Atreya et al., 2006) . Many microorganisms show high tolerance to H 2 O 2 , and thus any possible Martian life may not be damaged too seriously (Mancinelli, 1989) . Oxidation by superoxide radical ions (O 2-) has also been proposed (Yen et al., 2000) , and many terrestrial organisms possess the enzyme superoxide dismutase to catalyze transformation of O 2-to O 2 and H 2 O 2 . Therefore, survivability of Martian life may not be heavily damaged by O 2-.
How Deep Should We Dig.
A methane source could be generated either by thermal reactions or from a methane reservoir as discussed above. The location of the methane source may be as low as km deep, where geothermal activity is high enough to sustain water-rock reactions. Alternatively the methane produced, past or present, may have accumulated as methane hydrates or other forms. Methane hydrates are stable under high pressure and/ or very low temperature. Accordingly, the locations of methane hydrates may also be very deep.
The methane produced by either mechanism must be released into the Martian atmosphere through vents. The vents may be over meters wide or may allow methane to seep through sand or soil. In either case, the interface between methane gas and oxidative soil can be a suitable place for life-supporting redox reactions that generate free energy. In locations where both methane and iron oxide can be found at any depth from the Martian surface to km below, such environments may sustain methaneoxidizing microbiological organisms.
Additional constraints come from factors that inhibit the growth of microorganisms. These factors are discussed in the previous section; most are not lethal for should be in locations where iron oxide and methane are present several cm below the surface.
How to Find Microbes on Mars.
The initial effort should concentrate on searching for and identifying locations where methane is emitted from underground. The exact location within the reach of a locations of methane emission are discussed in a later section.
Methane may be emitted either through holes or through sand or soil. In either case, soil around the methane emitting area will be collected by robotic arms on the rover. The soil will be inspected with a can be distinguished from non-biological inorganic and organic matters.
The combination of pigments used will be optimized to should be surrounded by an impermeable membrane to be tested either by detecting the surrounding membrane or by detecting the boundaries using a combination of membrane permeable and impermeable pigments. The second characteristic is division or proliferation of a "cell". Because it is not easy to find appropriate conditions for proliferation, direct observation of the proliferation process is less feasible. Instead, we will target the genetic molecules needed for reproduction replicated into two molecules that are transferred to the used in "cells" on Mars. However, the elegant structure stained with nucleotide specific pigments (Haugland 1996) . The essential element for retaining information is of the organic bases at the center of the double helix. Similar but not identical structural characteristics may be retained in genetic molecules of Martian "cells". The range of detectable molecules will be tested in the future.
The third characteristic is metabolism. All life forms depend on free energy, obtained from metabolism. Metabolism, in turn, consists of a complex series of biological reactions called metabolic pathways, which are catalyzed by enzymes. We plan to detect esterase, one of the most commonly found enzymes in cells on Earth.
stage analytical process. In the second stage, the "cells" will be hydrolysed.
Living cells on Earth consist of 70% water and 15% protein. Cells contain many types of proteins, from as many as several thousand proteins in prokaryotes, to several tens of thousands in eukaryotes, each having a molecular weight from a few thousand to several hundred thousand. The molecular weight spectra are too complex to be resolved by any type of mass spectral detectors. However, once proteins are hydrolyzed, they produce acids is commonly found in all cells on Earth. Based on research on chemical evolution, which must have occurred before the origin of life, amino acids are known to be abiotically produced in a wide range of possible pre-biological environments. Accordingly, there is a fair chance that Martian "cells" contain polymers of amino acids. However, the number, types and chirality of the amino acids may not be the same as those in living cells on Earth. The number and characteristics of amino acids will be analyzed in the second stage of "cell" analysis.
Fluorescence Microscopic Detection of Life.
Fluorescent microscopy is a method to detect localized biosignatures in situ. Biosignatures are labeled with fluorescent dyes. Stained objects are observed clear evidence for extraterrestrial life as images. Many fluorescent dyes are commercially available and used routinely to study terrestrial microorganisms (Herman 1998 , Haugland 1996 . Thus, their validities have been well established. Analytical procedures are simple and onto samples and digitized images will be obtained using dye). The volume of dye solution needed per sample extraterrestrial life from many samples from the surface and subsurface at various locations.
To a p p l y t h i s m e t h o d t o d e t e c t M a r t i a n microorganisms, we have designed a strategy to detect "cells", although the actual species of fluorescent dyes remain to be selected. Our method is based on principle is to detect biosignatures that are responsible for the basic characteristics of life: genetic information, metabolism, and discrimination of self from non-self (Kawasaki, 1999) . Each characteristic will be detected nucleic acids, enzymes, or cytoplasmic membranes. This combination of dyes has the potential to distinguish living "cells" from dead "cells" and other non-biological organic compounds.
Nucleic acid probes are most commonly used to (4',6-diamidino-2-phenylindole), SYBR Green I and II, and SYBR Gold are examples of this type of probe (Kepner and Pratt, 1994; Klauth et al., 2004; Weinbauer et al., 1998; Shibata et al., 2006) . Although many probes cannot be used on soil samples because of strong binding to mineral particles, AO was reported to be useful for endolith samples (Nadeau et al., 2008) . Metabolic activities are detected by using enzyme (5-carboxyfluorescein diacetate, acetoxymethyl ester) have been used for this purpose (Lundgren, 1981; Porter et al., 1995; Soderstrom, 1977; 1979; Tsuji et al., 1995; Ashida et al., 2009) . These dyes are often used as viability indicators. They remain non-fluorescent unless hydrolyzed by the intracellular enzyme, esterase, which is a ubiquitous enzyme in organisms on earth. In the case of soil, this type of dye shows intense background fluorescence due to abiotic catalytic activities and leakage of fluorescent product from the cells, which ethanol can solve this problem (Tsuji et al., 1995) . Some dyes of this type were also reported to detect artificial protenoid microspheres, which could have enzymatic activity (Kawasaki, 1999) . Accordingly, this type of dye has the potential to detect enzyme-like catalysts. If living microorganisms are present on Mars, they could be detected with this type of probe, because microorganisms must possess catalytic activities to maintain their metabolism.
Cell membrane detecting probes bind to electrically neutral hydrophobic molecules, including proteins, lipids, and cell membranes (Azzi, 1975) . CFW (fluorescent salt of 1-anilino-8-naphthalene sulfonic acid), and FM1- Altemüller, 1990; Weaver and Zibilske, 1975; Nadeau et al., 2008) for this purpose. The cell membranes or cell walls surrounding the "cells" will be detected with this type of dye, which indicates the boundary between the inside and outside of the "cell". Alternatively, cell membranes surrounding "cells" may be identified by using a combination of cell-membrane permeable and impermeable pigments (Auty et al., 2001) , often with combinations of membrane permeable and impermeable nucleotide specific dyes (Haugland 1996) . However, nucleotides may or may not be the genetic components of possible Martian "cells". Accordingly, a combination of search for candidate "cells" surrounded by membranes. T h e c o m b i n a t i o n o f m e m b r a n e p e r m e a b l e a n d or proteinous molecules will be used to identify candidate "cells". The candidates will be analyzed with additional reactions.
In addition, fluorescent dyes that detect protein or amino acids could be useful to search for pre-biotic organic materials. Fluorescamine (Poglazova et al., 1996) amino groups (Haugland 1996) are candidates for this type of probe. Nadeau et al. (2008) . They showed that the usefulness of a particular fluorophore strongly depended on the particular sample and means of detection, and that all minimize nonspecific binding using simulated Martian samples. Multilabeling with different types of dyes will be tested to increase the detection accuracies and to decrease the identification of false positive (abiotic) structures.
High-resolution images will provide information about the morphology of the candidate "cells". Terrestrial microorganisms often have specific morphological characteristics, such as spherical and rod shapes, and within a range for a single species or group of similar species. Together with the fluorescence intensity from morp characteristics of the candidate "cells".
The microscopic instrument used on Mars should be a several-watt microscope that is 1-2 kg in weight.
illuminant to excite dye-labeled samples. To detect the low fluorescence emitted by the 10 mW optical output detectors will be used. Microspectrofluorometry has been reported to be effective for discriminating biotic particles from abiotic autofluorescence, and multilabeled samples can be detected with a long pass emission filter under single excitation light (Nadeau et al., 2008) . Otherwise, color software is also important to automatically select procedures would be done in an air lock chamber to avoid freezing and evaporation of the dye solutions.
Amino Acids as Biosignatures for the Detection of Life.
Amino acids are essential organic compounds for terrestrial life, since proteins, polymers of amino acids, catalyze almost all of the biochemical reactions in cells. The molecules and macromolecules that constitute extraterrestrial life are unknown. However, experiments designed to test for abiotic synthesis of organic compounds revealed the formation of amino acids or their precursors (Munoz Caro et al., 2002 , Bernstein et al., 2002 . Amino acid precursors have also been found in meteorites (Cronin and Pizzarello 1997, NakamuraMessenger, K. et al., 2006) , which suggests the production of amino acid precursors in the extraterrestrial environment. These results suggest that extraterrestrial organisms may also utilize macromolecules that consist of amino acids for catalytic reactions. We therefore propose to monitor for the presence of amino acids in the Mars environment to evaluate the possible presence of life.
Four categories of amino acids should be considered: (1) amino acids that were formed abiotically in the Mars environment, (2) amino acids that were delivered by meteorites etc., (3) amino acids that were formed by organisms of Martian origin, and (4) amino acids that were formed by organisms that migrated from Earth. We can expect the following: a)Most amino acids in all four categories (1)-(4) will not be free, but rather constituents of macromolecules. Most of the amino acids in living organisms are in the form of proteins or peptides. Abiotically formed amino acids in primitive environments are mostly found as constituents of macromolecules (Kobayashi et al., 2008) . It has also been reported that amino acids in complex forms are much more stable against radiation and heat than free amino acids (Takano et al., 2008) . b)Amino acids in categories (1) and (2) are racemic mixtures, whereas amino acids in category (4) have enantiomeric excesses and those in category (3) are also likely to have enantiomeric excesses. On Earth, organisms produce mainly L-amino acids; thus amino acids in terrestrial environments show an excess of L-amino acids even after extracellular racemization processes. We do not know whether Martian organisms they would contain racemic mixtures of amino acids. b)Based on the above predictions, we propose to analyze amino acid enantiomers of macromolecules after acid-hydrolysis on Mars.
In our project we will develop a process for amino acid analysis after hydrolysis of macromolecules. A micromachine will be developed to select micrometer-scale particles containing organic compounds as well as "cells". Hydrolysates will be analyzed either by micro-capillary electrophoresis, high performance liquid chromatography (HPLC) and/or Soft ionizing Mass Spectrometry.
Conceptual Design of HPLC for Amino Acid Analysis.
Amino acid analysis consists of acid hydrolysis of microorganisms, derivatization of amino acids, and separation by HPLC. Most amino acids in microorganisms exist as polymers of amino acids called proteins. Amino acids can be recovered by acid hydrolysis of proteins. 6 M hydrochloric acid. For analyzing many samples during the rover expedition on the Mars surface, a shorter time for analysis of each sample is desired. In order to shorten the reaction time, we will use microwave heating. Total hydrolysis of protein can be achieved in approximately 10 minutes by heating under microwave irradiation (Yoshimoto et al., 2009; Wakino et al., 2009) -15 mol amino acids. In the harshest environments on Earth, deep-sea nonhydrothermal areas, desert, and arctic ice, we can still detect microbes at densities higher than approximately 10 4 cells per g (Karner et al., 2001 , Navarro-González et al., 2003 . If approximately 10 4 cells are found in 1 g of Martian soil, and 1 g of Martian soil is taken for analysis of amino acids, the total amino acids content will be 10 -11 mol, and each amino acid will represent roughly onetwentieth of the total amino acids. Therefore, the limit of detection for each amino acid would be 10 -13 mol, and a sensitive amino acid analytical procedure is required. OPA-NAC (o-phthaldehyde and N-acetyl-L-cysteine) derivatization and a fluorescence detection system (Zhao et al., 1995) will be used for this analysis. The OPA-NAC-derivatized amino acids and their enantiomers and chromatograms will be obtained by monitoring fluorescence. A capillary column system will be used in order to make the system compact, and reduce the amount of consumables for the analysis. Figure 1 shows a schematic diagram of this HPLC system for amino acid analysis on Mars. Part A is a reaction vessel made of Teflon, whose volume is 10 -1000 ml. We will prepare several reaction vessels and will exchange them in order to analyze different samples. The vessel volume depends on a preparation actuation system. If microorganisms can be separated and introduced into the HPLC by the preparation actuation system, the vessel could be small. There are some drains and valves for adding and removing reagents for hydrolysis and derivatization. A microwave irradiation unit is located behind the vessel (B in Fig. 1) . A micro-actuator or syringe-pump will feed reagents (C in Fig. 1) . A chemical treatment area for hydrolysis and derivatization will be manufactured using microTAS techniques as pump for the capillary HPLC system. For sufficient resolution of amino acid species and their enantiomers, a 300 mm capillary column will be used for the HPLC (E in Fig. 1 ). Samples will be concentrated on a pre-column detection (F in Fig. 1 ). The eluents for the HPLC will be methanol or acetonitrile, and a buffer solution. The chemical treatment area and HPLC area should be isolated thermally, because the temperature at the HPLC area should be kept stable for optimum separation. An alternative combination of a hydrolysis system, separation system for amino acids, and an amino acid detector will be considered and compared during the development of the amino acid analysis system.
Conceptual design of the micro-actuator.
The Micro total analysis system (microTAS) has recently attracted significant attention in several areas such as medical inspection and chemical analysis (Arora et al., 2010) . MicroTAS is one of the candidates to satisfy the requirements for the automated analysis of organic compounds on Mars. The microTAS integrates many micro-fluidic devices such as pumps, valves, mixers, reactors, sensors, etc. in one chip (Arora et al., 2010) , which has advantages in achieving a full sequence of automated chemical processing steps for bio-chemical analyses and combinatorial syntheses, while reducing the required amounts of organic matter and reagents for chemical reactions.
Actuators of droplets driven by surface acoustic waves (SAWs) propagating along the surface of elastic bodies like an earthquake, have been reported (Wixforth, A., 2003; Strobl, C.J. et al., 2004) . The SAWs are generated by applying a high-frequency voltage to an interdigital When a droplet is put on a propagating surface as shown in Fig. 2 , the droplet moves by the pressure induced by the SAW. Recently it was also reported that continuous micro-fluid flows could be driven by using SAWs and channels with micro gaps for SAW propagation (Saiki, Saiki, T. et al., 2009) .
to integrate, SAW devices are suitable for actuation of liquids and solids in micro channels for multi-step and combinatorial chemical operations in the analysis system for organic compounds in our project (JAMP). Recently, we confirmed that the SAW actuator could Saiki unpublished). Hence, as a sample transportation crushing of rocks by robotic arms on the surface of Mars, we can use the SAW actuators not only for transportation but also for mixing fine particles with reagents in microTAS channels for chemical pre-treatments for analyses including hydrolytic cleavage and derivatization of organic compounds. A prototype of a miniaturized chemical reactor using liquid transportation and mixing by SAW is shown in Fig. 3 (Saiki et al particles, the direction of fine particle movement was opposite to the direction of liquid movement (Saiki et al., unpublished data) . The liquid is driven forward by the longitudinal pressure from the SAW, while the fine particles are driven backward by surface movement of were fabricated by patterning Al/Cr on a LiNbO 3 substrate using the semiconductor photolithography process, and (Saiki et al., 2008) . In the fabricated chip shown in Fig.  3 , two different liquids in two reservoirs on the left-side of pumps, and the liquids are mixed by a SAW mixer located reservoir drawn on right side. A chemical reaction emitting luminol luminescence was tested using this chip. While little luminescence was detected without operation of the SAW mixer (Fig. 4 b) , blue luminol luminescence induced 4c).
In this section, we proposed the basic element for a compact and automated chemical system using microTAS as the chemical pretreatment for the analysis. Performance of the system in the Mars environment will be tested in the following stage of development. The effects of low gravity and atmosphere will be tested, because sample transportation rates using the SAW actuator may be significantly affected by these environmental factors. We will analyze the relationship between relative weight and transportation rate on Earth, and make a transportation model for micro-fluidics on Mars.
Pre-Digestion Soft ionizing Mass Spectrometry (DSMS).
Mass spectrometry (MS) is a powerful tool that can detect and characterize chemical species once they are ionized, and has been a popular instrument employed in chemical species to provide evidence of either extant or extinct biological organisms on Mars. Surveys on Mars consist of at least two steps. The first step is to examine the classes of biomolecules by microscopic inspection. Once a positive sign is obtained, detailed analyses will be used to identify the constituent unit molecules. In order to conduct this astrobiological survey on Mars, polymers in the sample are pre-processed by digestion. This process can be realized by spraying a solution of appropriate reagents onto the target surface in situ, or applying water under subcritical conditions. The hydrolyzed low molecular weight bio-molecules are soft-ionized and delivered into the mass analyzer. As an option, low molecular weight species will be dissolved, and electrosprayed for mass analysis after a wet reaction to digest macromolecules. Mass spectra will be compared after applying several rounds of "digestion" by different reagents or hydrolysis conditions. This information reveals the characteristics of macromolecules. Once a set of small constituent molecules is found, they will be compared with the corresponding set of molecules found in terrestrial life. The possibility and degree of contamination will be evaluated by this protocol at the same time.
ionization. Soft ionization, such as Electrospray Ionization (ESI) (Yamashita and Fenn, 1984a , 1984b , is capable of ionizing polar bio-molecules with high process. Furthermore, the ions produced are mostly intact ions. The detection limit of these soft ionization methods has reached femto-or even atto-mol levels. This feature of soft ionization will enable us to have a better chance to detect extraterrestrial life.
The mass analysis is another core item for JAMP. The mass analyzer to be chosen for JAMP should have a high throughput of ions, and both a wide mass range of the mass spectrum and high resolution to identify the composition of elements and isotopes. There are several types of mass analyzers, which are capable of changing mass resolution by selecting appropriate operational possible by state-of-the-art methods. By having chiral information, a decisive argument could be made on the origin of the "cells" detected and the origin of life. Imaging mass spectrometry (Aebersold and Mann, 2003) , with spatial resolution at the either micro-or meso-scopic scale, opens new possibilities to obtain clear evidence of Martian life by JAMP.
we require further innovation of the mass analyzing system, to extend its limit of detection for characterization of extraterrestrial life on the basis of physics and chemistry. 
Methane Measuring Apparatus.
established as a selective and sensitive method fo r ma ki n g a b so rp ti o n me a su re me n ts o n weakly absorbing or highly dilute species. In contrast to the normal concentration measurement, which depends on the measurement of the time decay of light intensity within an optical cavity, formed by two high-reflectivity decay is independent of the laser intensity, fluctuations in the light source do not affect the measurement. The sensitivity of absorption methods depends on the optical path length. For R>0.9999 and a cavity length of 1 m, the light travels 10 km. Thus, an effective path length of more than 10 4 technique is now well established and has been widely used for various applications. The detection of a wide range of important species in the atmosphere has been accomplished. Methane (CH 4 ) has been detected on the Mars surface. We propose to measure CH 4 in the Mars and the weight is less than 20 kg with a detection limit of a few parts per billion (ppb) (Fawcett et al., 2002) . The current methane analyzer uses a distributed feedback narrow line width and high output power in a compact and longer than 30,000 hours of operation.
Because the atmospheric pressure of Mars is less than one percent of that on Earth, detection of atmospheric CH 4 on Mars (less than 30 ppbv) is not mid-4 has a strong absorption band that is two orders of magnitude stronger than that at limit of detection of CH 4 will be below the ppbv level. This Where to Search: Location of Methane Source. M e a s u r e m e n t s b y P F S ( P l a n e t a r y F o u r i e r Spectrometer) onboard Mars Express indicated that the Martian atmosphere does contain methane, although at an extremely low level (10 parts per billion) (Formisano, V. et al., " Detection of Methane in the Atmosphere of Mars", Science, 306, 1758 -1761 , 2004 . However, the existence of methane is surprising because it requires a recent and potentially sustained source of methane, otherwise ultraviolet light would break down the methane in less than several hundred years under current Martian conditions. Observations of ground-based telescopes showed that Martian methane has regional variations in concentration (Mumma, 2009) , with some areas having high concentrations such as Nili Fossae, Terra Sabae and Syrtis Major. If this observation is correct, the spatial variations must result from either heterogeneous production and release of methane from source areas, or rapid regional removal of methane from the Martian atmosphere. The latter is unlikely because the current understanding of photochemistry and rock-atmospheric interactions on Mars are difficult to reconcile with the short timescale of atmospheric circulation (~10 days, horizontally). On the other hand, the former process has many examples, such as volcanic activity, magmatic intrusions, hydrothermal vents, outgassing of clathrate hydrates, and microbial processes. All of these processes require a subsurface source of methane at an appropriate depth, which allows slow leakage through vent systems.
We have to note that technical difficulties in the detection of methane require careful interpretation of the of atmospheric methane on Mars, such as (1) the source of Martian methane is concentrated in both space and time (Mumma, 2009) , and (2) trace amounts of methane are released from seasonal melting of the surface of the north polar cap as suggested by PFS onboard the Mars Express (Formisano et al., 2004; Geminale et al., 2008) . At this point, we do not know if the sources of observed methane are persistent or transient. Thus, an orbiter mission to measure methane in the atmosphere to determine how it varies over time and space, such as the NASA and ESA' trace gas orbiter, will be important to understand the nature of the source of methane.
We favor localized release of methane since several independent observations suggest local concentrations of methane (up to 30 ppb or much higher). On the Earth, methane is mostly biological in origin, while that on Mars is a matter of debate. Methane on Mars could be formed geologically, for example, as a by-product of the process called serpentinization. This process results from reactions between water and olivine, whose existence on Mars is widely recognized (Oze and Sharma, 2005) . We would like to note that, in either case, methane production occurs in the subsurface, which requires an eruption/ release process through ephemeral vents.
The determination of the exact location of methane in the atmosphere may diffuse rapidly. On the other hand, subsurface sources of methane typically have a number vary over time. Thus, we propose the following procedure to determine the exact location of the vent; (1) an orbiter (or carrier of a rover) identifies a region with a local concentration of methane, (2) a long-range, long-lifetime, and autonomous rover lands within the area (hopefully immediately before the decent of the rover, and (3) the rover autonomously searches for higher concentrations of methane with continuous in situ measurements of methane concentration and wind, which should be occasionally supported by theoretical estimates of the local climate based on the observations of an orbiter. I n s e a r c h i n g f o r m e t h a n e v e n t s , d e t a i l e d morphological and spectral studies of the target area from orbiters will be also useful. Possible ephemeral vents could be small volcanic vents, surface fractures, collapsed structures, and mud volcanoes. Spectral detection of serpentine and possible clathrate hydrates would be also helpful. These morphological and spectral observations will help to prioritize the route of the surface rover for detecting methane.
An orbiter (or a carrier of rover) may narrow the potential source region to, say, several hundred kilometers through orbital observations. However, to reach the vent, the rover may have to travel a long distance that exceeds the maximum range of the rover. Considering the possibility of variations in methane production, perhaps the best way to identify the exact location of the methane vent is the following procedure: (1) first roughly determine the location using an orbiter before the rover is released, (2) in-situ measurements with higher resolution to detect methane distribution within the atmosphere, and (3) surface measurements by a rover. For (2), a balloon might be a good idea to provide atmospheric measurements at various heights (the daily temperature cycle makes it rise and sink), or an concentrations and detailed topography. Alternatively, a widely-distributed sensor network as proposed by Fink et al., 2006 might be suitable for this purpose.
In conclusion, we propose to search for microbes on Mars, 5 to 10 cm below the surface. The first effort should be to identify locations where methane is emitted from underground. The rover will approach the methaneemitting site, where soil will be collected and analyzed.
candidate "cells" using a fluorescence microscope. Putative "cells" will be hydrolyzed and analyzed by HPLC of the candidate "cells", which will indicate the origin of the candidate.
